Diphenylhydantoin (DPH) has been used as an antiepileptic and as an antiarrhythmic agent for many yearsl, 2. Although it is well established that it affects a wide variety of ceils, its mechanism of action is largely unknown. Recent work on muscle and brain tissue a-5 has yielded conflicting results as to the effect of DPH on the Na+K--ATPase, some authors claiming a sgimulation ~, others an inhibition of the enzyme 5. The consensus, however, is that DPH somehow acts upon ion movements across cell membranes. It thus seemed justified to investigate the effects of DPH on a polar epithelium such as frog skin, a tissue offering a convenient model for the study of sodium transport in vitro, under welI defined experimental conditions. A preliminary report of this work has been presented elsewhere 6.
Effects of Diphenylhydantoin on Transport Processes in Frog Skin (Rana ridibunda)
Diphenylhydantoin (DPH) has been used as an antiepileptic and as an antiarrhythmic agent for many yearsl, 2. Although it is well established that it affects a wide variety of ceils, its mechanism of action is largely unknown. Recent work on muscle and brain tissue a-5 has yielded conflicting results as to the effect of DPH on the Na+K--ATPase, some authors claiming a sgimulation ~, others an inhibition of the enzyme 5. The consensus, however, is that DPH somehow acts upon ion movements across cell membranes. It thus seemed justified to investigate the effects of DPH on a polar epithelium such as frog skin, a tissue offering a convenient model for the study of sodium transport in vitro, under welI defined experimental conditions. A preliminary report of this work has been presented elsewhere 6.
Materials and methods. The ventral skin of frogs (Rant ridibu,ada) was mounted in lucite double chambers filled with aerated Ringer solutions of a standard composition 7. The skirt itself was sandwiched between nylon meshes and clamped between lucite plates provided with 2 rectangular windows. It was thus possible to expose 2 independent areas of the same skin to Ringer solutions contained in adjacent chambers, one area of the skin being used as control of the other. It was also possible to conduct 'cross experiments' in which the sequence of hormones or drugs presented to the control skin was reversed with respect to the test skin. Two types of chamber were used: a 'large' chamber with windows of 3.5 cm ~ each and 30 ml of Ringer solution on each side of the skin, and a 'small' chamber with windows of 2.0 cm 2 and a volume of 5 ml.
Electrical parameters, i.e., the electrical potential difference (PD) across the skin and the short circuit current (SCC), were monitored continuously by standard techniques. Measurements of PD were done by means of calomel half-cells connected to the chambers by3 M KC1 agar bridges. To measure SCC, silver-silver chloride electrodes were positioned at opposite sides of the chamber, facing the membrane. Two types of voltage clamp were used : 1. with the first type, allowing for correction of the fluid resistance between the tips of the bridges and the skin, PD or SCC were monitored continuously; 2. with the second type PD and SCC were monitored sequentially in an automatic 2 rain cycle. Recording of both parameters was provided by a G-2000 Varian strip-chart recorder.
Results and discussion. The addition of DPH (33 Fg/ml) to the medium bathing the external side of the skin resulted in a rapid, sustained rise in PD, as shown in Figure 1 . This effect persisted unchanged for hours, in stable membranes s. A similar rise, following the same time-course, was observed for SCC (Figure 2 ), the overall effect being an increase in conductance. Three other typical features of the action of DFH on frog skin can be seen in Figure 2 : the reversibility, reproducibility and parallelism of. the increase of SCC in 2 independent areas of the same skin. In a total of 66 experiments, increments in SCC ranged from 12 to 166%, with most values between 20 and 50%. The highest responses were observed during the months of October to December, in particular shortly after moulting of the skint In contrast, addition of the same amount of DPH (33 Fg/ml) to the internal side of the skin was without noticeable effect under these experimental conditions.
The effects of DPH, added to the external side of frog skin, mimic those of oxytocin, added to the internal side of the same epithelium : both substances increase PD and SCC with an overall increase in conductance. Consequently, it seemed interesting to study the interaction between DPH and oxytocin in this amphibian epithelium. Typical aspects of such interaction are shown in Figure 1 . The rise in PD produced by oxytocin was not modified by prior exposure of the skin to DPH. Conversely, the response to DPH was unaffected by previous stimulation with oxytocin, the effects of the 2 substances being additive. The same applies, part passu, to the effects of DPH and oxytocin on SCC, as confirmed by statistical analysis. The fact that the doses of oxytocin used in these studies were near maximal (33 mU/ml) and that identical results were obtained with supramaximal doses of oxytocin, suggest that DPI-I and oxytocin act at different sites or 'channels' of the external membrane of frog skin.
In order further to characterize the action of DPI-I, we investigated its interaction with 2 other drugs already known to be active on the external side of amphibian epithelia, i.e., amphotericiI~ B, wifich increases sodium transport ~~ and amiloride, which decreases sodium transport 11.
We found an interaction between DPH and amphotericin B. Statistical analyses of 12 'cross experiments' with these 2 drugs revealed that increments in SCC induced by DPH, with and without previous exposure to the polyene antibiotic, were significantly different (j0 < 0.001). Likewise, increments induced by amphotericin t3, with and without previous exposure to the antiepileptic, were also significantly different (p < 0.001).
As far as amiloride is concerned, this diuretic, at a concentration of 10 -4 M, regularly blocked the effect of DPH, bringing PD and SCC down to zero or very near zero. The effect of amiloride was reversible and non-specific. The drug seemed to block all sodium 'channels' available at the outer surface of frog skin, not only those 'activated' by DPH, but also those sensitive to amphotericin 13 and oxytocin. This was clearly demonstrated in the experiment shown in Figure 3 , f6r both PD and SCC.
It should be emphasized that amphotericin t3 increased SCC but did not always decrease PD, as 'shown in Figure  3 . Such variability has also been reported in toad bladder t% Our results suggest that DPH and amphotericin B compete for similar 'sites' at the outer surface of frog skin while the mechanism of action of each drug seems quite distinct. Amphotericin B induces an increase in conductance accompanied by a loss of permselectivity, as if the drug produced micro-holes in the membrane 12. On the other hand, DPH mimics the effects of oxytocin on PD and SCC with no apparent loss of permselectivity. DPH and oxytociI1 very likely have in common the capacity of changing the permeability to sodium at the outer surface of the skin, although they are added to opposite sides of the membrane. Since submission of our earlier report s, effects of DP~ on frog skin have also been reported by WATSON and WOODBURY 13 and we have become aware of the work of CARROLL and PRATLa~Y ~4. Despite their use of unusual bathing solutions, namely Ringer with a high pH la and Ringer without calcium 1~, their results were similar to ours. Convincing evidence has been presented, showing that changes in sodium net flux quantitatively accounted for the changes in SCC induced by DPH I~.
Work in progress suggests that mimicry of oxytocin by DPH is not mediated by cyclic AMP 15, an observation of particular interest in relation to the investigation of the stimulus-effect coupling of neuropeptides in amphibian epithelia. One can speculate that the 'sites' activated by DPH bear some relation to the 'calcium sites' described by HERRERA and CURRAN 16 This interpretation is strengthened by the finding that lanthanides, which strongly interact with calcium in many biological systems, produce effects similar to those of DPH on the external side of frog skin 17-19. 
